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APPLICATION  OF  SHI  POPT  TO  PRELIMINARY  DESIGN  OF  COMMERCIAL  SHIPS 
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f  o  r  ms  for  the  ma  r  i  n  e  e  n  v  i  r  o  n  me  n  t .  He  is  actively  involved  in  ocean  plat 
form  and  ship  design  and  analysis,  including  d  e  v  e  I  o  p  me  n  t  and  evaluation 
of  platform  concepts  for  s  h e I  f  ■  mo u  n t  e d  ocean  t  h e r  ma  I  energy  conversion 
(OTEC)  systems,  and  has  been  involved  in  various  ship  design  and  modifi¬ 
cation  projects,  structural  engineering  calculations,  including  finite 
e  I  e  me  n  t  analysis  procedures  and  intact  and  d  a  ma  g  e  d  stability  studies. 

Mr.  Moore  holds  a  BS  degree  in  physics  and  astronomy  from  the  University 
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Trust  Terri  tori  es  of  the  Paci  f i  c. 


499 


Mr,  Maris  holds  a  Professional  Engineers  License  in  Naval  Architecture 
and  Marine  Engineering  from  Washington  State,  a  bachelors  degree  (naval 
architecture/marine  engineering)  from  the  University  of  Michigan,  a  mas¬ 
ters  of  engineering  degree  (naval  architecture)  from  the  University  of 
California,  and  has  completed  business  management  studies  at  the  Univer¬ 
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California)  Executive  C  o  mmi  1 1  e  e , 


ABSTRACT 

The  theory  and  results  of  applying  computer-aided  ship  structure  optimiza¬ 
tion  procedures  to  design  of  a. new, ferry  for  southwestern  Alaska  routes 
is  presented,  and. is  called  SHIPOPT,  It  has  been  developed  by  Professor 

Owen  Hughes  of  the  University  of  New  South  Wales,  Australia,  and  has  had 
recent  application  by  Giannotti  and  Associates  Inc,  to  structural  de¬ 
sign  of  U.S.  Navy  ships,  Ship  optimization  is  a  rationally  based,  inter¬ 
active  procedure  which  recognizes  prescribed  design  constraints  and  opti¬ 
mizes  within  those  constraints  ship  structural  scantlings  and  geometry 
for  strength,  weight,  and  cost.  The  structural  constraints  typically 
considered  are  allowable  shear  and  bending  stresses,  buckling  loads, 
fatigue  life,  we  i  g  h  t ,  and  ship  a  r  r  a  n  g  e  me  n  t  s ,  based  on  c  o  mme  r  c  i  a  I  or  reg¬ 
ulatory  body  requirements, 
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1)  SCOPE 


2)  METHODOLOGY 

3)  APPLI  CATI  ON  ( GENERAL)  OF  SHI  POPT 

4)  APPLI  CATI  ON  (SPECI  FI  C)  OF  SHI  POPT 

5)  ACCESSI  Bl  LI  TY /  HARDWARE  REQUI  REMENTS 


SHI  POPT  PROVIDES: 

A  RATIONALLY  BASED  TOOL  FOR  PRELI  Ml  NARY  SHI  P 
DESIGN  THROUGH; 

A  FAST,  EFFICIENT,  LOW  COST,  STRUCTURAL  ANALYSI  S 
AND  OPTI  Ml  ZATI  ON  PROGRAM  WHI CH; 

ALLOWS  DESIGNER  INPUT  OF  SAFETY  AND  FUNCTIONAL 
CONSTRAINTS  AND  OPTIMIZATION  MEASURES  OF  MERIT, 


RATI  ONALLY  BASED  PRELI  Ml  NARY 
STRUCTURAL  DESIGN 

1)  RESPONSE  ANALYSIS 

2)  CAPABI  LI  TY  (  OR  LI  Ml  T  STATE)  ANALYSI  S 

3)  RELI  ABI  LITY  BASED  STRENGTH  CRITERIA 

4)  NONSTRUCTURAL  CRITERIA 

5)  OPTIMIZATION 

6)  I  NTERACTI VE  MODE  OF  OPERATI ON 
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STRAKE  DESIGN  SATISFACTORY? 


ALL  STRAKES  DONE? 


OVERALL  DESIGN  CONVERGED? 


APPLICATION  (GENERAL)  OF  SHI  PORT 


■  BENEFITS 

■  LIMITATIONS 

■  STARTING  POINT 

■  RESULTS 


BENEFITS  (OF  STRUCTURAL  ANALYSI  S> 

-  STRUCTURAL  ASSESSMENT  AND  DESIGN  REVIEW 

■  INVESTIGATION  OF  SAFETY  FACTORS 

-  INVESTIGATION  OF  ALTERNATIVE  DESIGN  LOADS 

■  ASSESSMENT  OF  STRUCTURAL  DAMAGE  OR  CORROSION 


BENEFITS  (OF  OPTIMIZATION) 

I  FIRST  ORDER 

-  REDUCED  COST  AND  WEIGHT 

-  INCREASED  PERFORMANCE  (E.G.,  LOWER  VCG) 

■  COST  VS.  WEIGHT 

I  SECOND  ORDER 

-  REDUCED  WEIGHT  IMPLIES  LOWER  RESISTANCE 
THUS  LOWER  MACHINERY  WEIGHTS 

I  THIRD  ORDER 

■  REDUCED  MACHINERY  WEIGHT  IMPLIES  FURTHER 

REDUCTION  IN  LOCAL  SCANTLINGS,  OVERALL 
WEIGHT,  RESISTANCE  AND  COST 
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SHIPOPT  ABILITIES 


COMPREHENSIVE  3-D  STRUCTURAL  ANALYSIS  AT  EACH 
STAGE 

EXPLICIT  CALCULATION  OF  ULTIMATE  STRENGTH  OF  ALL 
PRINCIPAL  MEMBERS 

FAST  CYCLE  TIME 

ABILITY  TO  REPEAT  A  PRELIMINARY  DESIGN 
ALTERNATIVE  STRUCTURAL  CONFIGURATIONS 
STANDARD  SECTIONS 

USER  DEFINED  MEASURE  OF  MERIT;  CONSTRAINTS 


LIMITATIONS 


-  PRISMATIC  MODEL 

-  SYMMETRIC  ABOUT  ^ 

-  STATIC  OR  QUASI -STATIC  LOADING  ONLY 


STARTING  POINT 


LOADS 

STRUCTURAL  DEFINITION 

-  STI  FFENERS  AND  PLATES 

-  STRAKES 

-  BHDS, 

-  MODULE 

CONSTRAI  NTS 

PARTIAL  SAFETY  FACTORS 
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RESULTS 


•  ANALYSIS 

■  NODAL  DEFLECTIONS 
-  STRESSES 

■  Ml  Nl  MUM  CONSTRAI  NTS  FUNCTI  ON 

LOCATI  ON  I  N  STRAKE 

■  STATI  STI  CAL  FEASI  Bl  LI TY  SUMMARY 


RESULTS 


OPTI  Ml  ZATI  ON 

■  CONSTRAI  NT  FUNCTI  ON  VALUES 

■  ACTIVE  CONSTRAINTS 

■  STATI  STI  CAL  FEASI  Bl  LI TY  SUMMARY 


APPLI  CATI  ON  (Specific) 


I  TEST  CASES 

I  ALASKA  FERRY 

-  Hull  Cutouts 

■  Vehicle  Deck 

-  Superstructure 

■  Extreme  Heavy  Weather 
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Fig.  6 


Initial  tanker  scantlings 
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Ffg.  7  Final  tanker  scantlings 


Applications  of  a  Computer-Aided,  Optimal  Preliminary  Ship  Structural  Design  Method 


COST  INDEX 


Ln 

r-i 


Design  Cycle 


Fig.  5  Convergence  and 
stability  of  SHIPOPT 
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Plate  Thickness 
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Fig.  9 


Initial  bulk  carrier  scantlings 
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Fig.  10  Final  bulk  carrier  scantlings 
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Applications  of  a  Computer-Aided,  Optimal  Preliminary  Ship  Structural  Design  Method 


HARDWARE 

1  )  MAIN  FRAMES 
2)  "SUPER-MINI  , 

ACCESSI  B I  LI  TY 

1)  OWEN  HUGHES 

2)  GIANNOTTI  &  ASSOCIATES 
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Additional  copies  of  this  report  can  be  obtained  from  the 
National  Shipbuilding  Research  and  Documentation  Center: 

http://www.nsnet.com/docctr/ 

Documentation  Center 
The  University  of  Michigan 
Transportation  Research  Institute 
Marine  Systems  Division 
2901  Baxter  Road 
Ann  Arbor,  Ml  48109-2150 

Phone:  734-763-2465 

Fax:  734-763-4862 

E-mail:  Doc.Center@umich.edu 


